SUMMARY Forty-nine biopsies of bulbar conjunctiva from patients with no apparent conjunctival disease were studied by light and transmission electron microscopy. No significant morphological changes were recorded in those specimens from patients less than 79 years old. However, in the older age group the epithelium showed irregularities in thickness, a reduction in the goblet cell population, and in 250% the presence of 'hyaline bodies'. The epithelial irregularities consisted of mild superficial stratification, which was observed also in a few of the specimens from the younger age groups. The goblet cells appeared morphologically normal in all age groups. The significance of the hyaline bodies and their possible relationship to goblet cells is discussed.
Clinical studies have shown that tear secretion decreases in quantity and quality in the later decade of life, and mild keratoconjunctivitis sicca (KCS) can be identified in approximately 15% of people over the age of 80 years (Whaley et al., 1972) . Accordingly, it is possible that there are significant morphological changes in the conjunctival epithelium of the elderly, and it is important that these changes be documented to provide the necessary background information for the study of the conjunctiva in KCS (part II of this communication) . This part of the report describes the light and electron microscope findings in the conjunctiva of a group of elderly persons.
Materials and methods
Forty-nine conjunctival biopsies from patients without apparent conjunctival disease were obtained during the course of routine cataract surgery. The operations were performed using retrobulbar injection of 1P5 ml lignocaine and with local instillation of 040% oxybuprocaine HCl drops. The details of the sex and age distribution of the group are shown in Table 1 .
The biopsies, which were approximately 5 mm in diameter, were removed from the upper bulbar conjunctiva at a consistent site which was 5 mm (1) Persons under 80 years. The conjunctival ,epithelial morphology was identical with the established descriptions in the literature (Wolfe, 1967) . There were no significant changes in the epithelial thickness or in the arrangement of the cells. The normal human bulbar conjunctiva in the region examined consisted of a 5-or more polyhedral nonkeratinised epithelium with a basal cubical layer which lay above a folded basement membrane. Goblet cells were usually present in the superficial layers, and they tended to occur in aggregates, so that some epithelial segments contained more goblet cells than others.
(2) Persons over 80 years. The following features were of significance: (i) Variation in the epithelial thickness. This was seen as mild atrophy in some biopsies and an apparent but mild degree of hyperplasia in others. However, in all the specimens examined these irregularities tended to be focal, and long segments of epithelium of normal thickness alternated with the atrophic or hyperplastic areas.
(ii) Abnormal structures in the epithelium; 'hyaline bodies'. In 4 of the 16 biopsies taken from persons (2 male and 2 female) over 80 years old, round or ovoid acellular structures were identified (Fig. 1) . These were present in the superficial layers and were much larger than the adjacent goblet cells. They stained positively with the PAS stain and their content, unlike that of the goblet cells, was homogeneous. For convenience they were classified as being of a hyaline nature. (iii) Inflammatory cells, lymphocytes, plasma cells, and polymorphonuclear leucocytes were identified in the stroma and in the epithelium in this group of biopsies, but in distribution and number there was no significant pattern and no difference could be detected between the over-and the under-80s. Table 2 . In the group aged 50 to 79 the mean value (±SD) was 10±4 goblet cells/mm, with no significant statistical difference in the 3 age groups shown. However, in the group over 80 years the mean goblet cell count (± SD) was 16±3 goblet cells/mm, and this is significantly lower than that in younger age groups (P < 005). The observer error in this analysis was less than 5 %. Table 2 Goblet cell count in the conjunctival epithelium according to age Age (years) Number of biopsies Goblet cell/mm ± SD 50-59 Twenty-five biopsies were studied by transmission electron microscopy ( Table 1 ). The morphology of the palpebral conjunctival epithelium has been described by Wanko et al. (1964) , so that it is only necessary to outline the basic structure of the 3 cell layers and to emphasise the changes in structure which may be related to the ageing process. The essential morphological features of the epithelium were as follows.
Basal cells
The basal cell layer consisted of cubical cells which had a large ovoid nucleus in which nucleoli were prominent. The cytoplasm was rich in tonofibrils, but mitochondria, Golgi material, and rough endoplasmic reticulum were sparse and tended to be located in the perinuclear region (Fig. 2a) . The tonofibrils were condensed and formed linear bundles (Fig. 3a) throughout the cytoplasm (Fig. 2b) . The tonofibrils were arranged as interwoven bundles which surrounded clumps of ribosomes or glycogen granules (Fig. 3b) (Fig. 4) (Fig. Sb) . The organelle content of these 'stratified' superficial cells did not alter significantly.
In some biopsies round electron-dense structures similar to those described by Takakusaki (1969) were found in the peripheral cytoplasm. When present they were found in all the epithelial cells other than the basal layer (Fig. 5) .
Goblet cells
The morphology of the goblet cells in this group of biopsies was identical to that previously described (Freeman, 1962 (Freeman, , 1964 . The cells were located in the superficial and intermediate cell layers, and their shape depended on their stage of secretion. In the mature stage the cell cytoplasm literally assumed the shape of a 'goblet' with displacement of the nucleus to the base of the cell, and the central region of the cell was filled with secretory granules (Fig.  6) . The secretory granules were generally ovoid in shape and were surrounded by a membrane. Their substance was formed from alternating lamellae of electron-dense granular material, but the size and shape of the granules depended to some extent on the stage of the secretory cycle. In the early stage the secretory granules were smaller and more circular than in the mature stage, in which they were compressed.
Hyaline bodies These amorphous structures, which were observed in the superficial layers of the epithelium by light microscopy, were studied in all 4 specimens by the a b Ij transmission electron microscope. These 'hyaline bodies' were 2 to 3 times the size of goblet cells and were constantly circular or oval in shape. They consisted of a central, or sometimes an eccentric, electron-dense granular mass which was surrounded by a lucent zone, and this contained smaller electrondense particles (Fig. 7) . At the periphery of this electron-lucent zone there was an electron-dense rim which had an interrupted trilaminar membrane on its inner surface. The structure of this rim was found to consist of cytoplasmic tonofibrils, ribosomes, and degenerated cytoplasmic organelles. At the periphery of the central granular mass and in the lucent zone there were groups of parallel membrane-like structures interposed between granular material and small round membrane-bound circular structures of varying size. The complete 'hyaline body' was surrounded by a cell membrane bearing normal desmosome attachments.
Discussion
A previous study of tear secretion in geriatric inpatients aged over 80 indicated that 16% suffered from mild keratoconjunctivitis sicca (KCS) . None of these patients had rheumatoid arthritis or proved connective tissue disease, which suggests that reduction in tear fluid was a phenomenon of increasing age (Whaley et al., 1972 However, this presents difficulties because: (1) There is regional variation in conjunctival morphology, and (2) there does not appear to be any documentation of age change in the normal conjunctiva. Furthermore, only a few reports on the fine structure of the conjunctiva are available (Suzuki, 1956 (Suzuki, , 1957 Shibuya, 1958; Fujiyama, 1961) , and these deal with relatively few specimens which were taken from the upper fornix. In the reports of Wanko et al. (1964) and Takakusaki (1969) on the perilimbal and palpebral conjunctiva respectively, only 6 and 4 normal conjunctival biopsies were studied, and this was insufficient to document age changes. In the present investigation it was apparent from light and electron microscopy that significant morphological changes were rare before the age of 79 years. Segmental flattening of the epithelial cells was, however, seen in some 30% of biopsies from the group over 80 and much less frequently in the younger age groups. A constantly related feature in these patients was a lowered goblet cell count. It would appear that there was a common factor in this relationship and that there could have been a direct influence of the epithelial cells on the goblet cells. On the other hand both types of cells could have reacted to a change in their environment, as, for example, to reduced tear quantity or quality.
Alteration in the anterior surface of the elongated cells of the epithelium consisted of a reduction (size and number) of microplicae and in the incidence of the micropinocytotic vesicles. The changes in microplicae could be the result of attenuation of the cell membrane, the significant effect of which would be a disturbance in stability of the tear film. Furthermore, as micropinocytosis is thought to be a process by which macromolecules are transported into a cell, an instability of the tear film could be responsible for the lowered prevalence of micropinocytotic vesicles.
The epithelial cells did not show changes which could be associated with non-specific ageing degeneration. For example, lipofuscin granules, autophagosomes, and myelin figures were not constant or significant features in the epithelial cells from the group aged over 79.
In addition in the group aged 80 and over, if the trends are valid, the results suggest that there is a quantitative decline in the goblet cell population. The normal goblet cell population is approximately 10/mm, the proportion depending on the site studied, the highest concentration being in the lower nasal bulbar conjunctiva (Kessing, 1966 (Kessing, , 1968 Ralph, 1975) . In this series of 49 patients the goblet cell count of 9 to 10 (SD±4) confirms the above findings. However, in the group aged 80 years and above the count dropped significantly to 6±3. It is important to note, however, that neither the light nor the transmission electron microscopic studies showed any significant changes in the goblet cell morphology in any of these groups. This observation does not exclude the possibility that the basic chemicaI constituents of goblet cell mucosubstances wert altered in a significant manner, but this is an interesting possibility and a histochemical analysis of this material is in progress. Kessing (1968) has described alterations in the goblet cell structure and content in up to 50% of his series of patients. His contention was that the goblet cells of older people contained a high proportion of neutral mucopolysaccharides, unlike the goblet cells of younger people, in which the mucopolysaccharides were acidic. In addition, he observed frequent occlusion of the goblet cells with retention of their contents, a phenomenon which was reported to increase with age. Thus, Kessing felt that 50% of the goblet cells in elderly patients were abnormal.
In the present series, although we have been unable to confirm Kessing's findings, we have demonstrated the presence of 'hyaline bodies' in 25% of persons aged 80 and over. These, like the goblet cells, were PAS-positive and were usually associated with a low goblet cell count, suggesting a relationship between these 'hyaline bodies' and the goblet cells. In addition, if this concept holds true, that is, if the 'hyaline bodies' are due to intracytoplasmic degeneration within the goblet cells, the small membrane-like structures and the circular bodies which were seen by the transmission electron microscopy could be representative of broken down secretory granules, and the size relationships of their trilaminar membranes favours this. But since no transitional forms between goblet cells and hyaline bodies were seen in the present study the possibility of these 'hyaline bodies' being a degenerative form of goblet cells is still speculative. It has to be admitted, however, that 'hyaline bodies' were observed in only 4 of the 16 specimens examined, and the technique of transmission electron microscopy allows the examination of only small samples of tissue.
A converse situation occurred with regard to the tubular bodies (Fig. 4 ), which were a common feature in the intermediate cell layer. Structures similar to these bodies are a well established feature of endothelial cells throughout the vascular system (Weibel and Palade, 1964; Matsuda and Sugiura, 1970) , and they were considered to be derived from the Golgi apparatus. Their function is unknown, but there has been a suggestion that in the endothelium these structures are involved in coagulation. 
